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ABSTRACT

Chihuahuan Desert studies on the impact of ants and rodents as seed predators have been conducted since
1974. The studies were conducted in enclosures excluding ants, excluding rodents, excluding both ants and
rodents and in unmanipulated control exclosures. Forage preferences were also examined, as were summer
annuals. The studies show that only a small fraction of seed production is removed by these predators and
that, unlike the previous year's studies, there was no significant difference in density between the different
treatments. There was a significant decrease in annuals, however, where both ants and rodents were
present.
Some experiments were conducted on rodent behavior. In late winter and spring, rodents dig for caches of
seeds placed up to 140 mm below the soil surface. In a test of behavioral response to red or white light or
darkness, the different light regimes did not appreciably influence activities of rodents under observation. A
study of behavioral competition at a food source is presented in an appendix.

INTRODUCTION

Studies conducted in the Chihuahuan Desert (Whitford
1973; Ludwig and Whitford, in press) provided data
suggesting that only a small fraction of the total seed
production was removed by seed consumers. Whitford
(1973) suggested that harvester ants may affect the density
of one or two species of annuals for which they exhibit high
preference as forage. Franz et al. (1973) provided data on
forage preferences of rodents, and Reichman (pers. comm.)
and Rosenzweig (pers. comm.) suggested that rodent
activity could result in redistribution of seeds through seedcaching behavior. Since we conclude that seed consumers
remove only a small fraction of total seed production, the
logical effect of seed predation is spatial redistribution of
seeds. Hence we expect that, under differing regimes of seed
predation, plant dispersion patterns will be sufficiently
altered to be measurable and that the activities of seed
consumers are important as modifiers of structural
relationships within the plant community, which has
important implications for the dynamics of competitive
interactions among animal species.
In the 1975 studies, we found that there was a significant
increase in annual plant density in the enclosures in which
both ants and rodents had been eliminated, but pens with
ants only or rodents only were not different from controls.
In addition, enclosures in which rodents were eliminated
had higher densities of Pheidole spp. than did enclosures
with rodents or controls. These data supported the findings
of Brown (pers. comm.) and his associates.
In 1975, we initiated studies on Pheidole spp. to attempt
to determine the characteristics of these seed consumers
responsible for their increase in the enclosures and we also
examined foraging characteristics of selected rodents. In
1976, we continued all of these studies in hopes of testing the
above-mentioned hypothesis and examining the characteristics of the major seed consumers in the Chihuahuan
Desert.
OBJECTIVES

The general objectives were
1.

To determine the impact of seed consumers (harvester
ants and rodents) and their interactions as consumers on

2.

the structure of a Chihuahuan Desert plant community
with emphasis on dispersion patterns of annual forbs
and grasses.
By differential exclusion of granivores in rodent-proof
and ant-proof enclosures to examine seed removal rates,
identify patterns of dispersion and measure changes in
dispersion patterns.
Other objectives were

1.
2.

To examine the factors regulating the foraging activity
of seed-harvesting ants, Pheidole spp.
To examine the factors regulating the foraging activity
of selected granivorous rodents.
METHODS

The impact of rodents and ants on the annual plant
community was examined in the enclosures described in
Whitford (1975).
In 1976, summer annuals were sampled using the previously established points in each enclosure and the methods
described in Whitford (1975).
RESULTS AND DISCUSSION
ENCLOSURE

STUDIES

The data collected on annual plant production in the
enclosures are presented in Table 1 with data for the small
perennial grass Erioneuron pulchellum. E. pulchellum was
included in this analysis because the Pheidole spp. exhibit a
heavy preference for the seeds of this species, and it was felt
that the ants' activity could affect its density. Unlike the
previous year, there was no clear-cut pattern of high density
of annuals in the enclosures in which both ants and rodents
were excluded. There was no difference in density between
the treatments of both ants and rodents excluded, rodents
only or ants only, but there appeared to be a significant
decrease in annuals in the enclosures where both were
present. We had great difficulty in maintaining the desired
rodent density in the enclosures. This may account for some
of the apparent inconsistency with the previous year's data.
For example, Enclosures 7 and 8 were essentially without
rodents for over one-half of the year according to our
spot-checking by live-trapping. This may be a function of
enclosure size. The experimental design of Brown (pers.
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Table 1. Comparative densities of the common annual forbs and
grasses, including the perennial Erioneuron pulchellum, in the ant and
rodent enclosures. Enclosures 1 and 2 have both ants and rodents
excluded. Enclosures 3 and 4 have rodents and ants present; Enclosures 5
and 6 have ants only; and Enclosures 7 and 8 have rodents only. Densities
are in numbers per hectare
Enclosure

Species
8
Ai'..Z.ionia ina-al'liata
Aristida

pur-pu.rea

15,479

+

24,929

8,845

Bahia absintliifotia
8. pedata
Bou.teZaua aristiMideEJ
f:y,i.e,"eu.r-oli pulchetlum

Iva a:r>.bros·iaef'c-Lia
Nachaeranthera

';,,'t'aci lis

Other

Tota 1 density

2,772
91,482

48,413
20,753
ll ,859
26,683
26,145

25,277

48,280

13,861
108,116
69,305
8,315

59,572
16,247
70,403
56,864
59,572

21,327
3,949
13,428
9,478

125,530
14,484

119,412

36,210
16,898

33,170
39,804

277,221

270,784

96,826

78,991

24 l ,404

221,134

18,369
24,492

12,958
29,157

94,908

3,239
6,497
87,472
32,397
97,191
97,191

306,156

323,971

15,307
97,969
3,061
39,800

* - in sample but at very low densities.
in enclosure, but not picked up in sample.

+ - present

comm.) overcomes this problem by not fencing rodentpresent plots at all.
A careful examination of Table 1 reveals some interesting
patterns of species composition resulting from the activities
of rodents and ants. The most striking is the marked
reduction in density of the forb Iva ambrosiaefolia in the
enclosures with ants and rodents present. The forh
Machaeranthera gracilis also was greatly reduced in the
enclosures with ants present when compared to enclosures
with ants excluded. Although a marked difference in density
of E. pulchellum (attributable to Pheidole spp. activity) was
expected, there was no consistent difference between
treatments.
Actual counts of active ant colonies in enclosures with
ants present were made during the wet period, which
should produce peak activity of all seed-harvesting species
(Whitford and Ettershank 1975), and again in October at
the end of the active foraging season (Tables 2 and 3). The
results were nearly identical to the 1975 counts (Table 1).
Enclosures with rodents had an average of 34 colonies per
enclosure, and those with ants only had an average of 51
colonies per enclosure. These data strongly support the
contention that seed-harvesting ants and seed-eating rodents
are competing for resources. The differences in colony
densities between 1976 and 1975 may be attributable to the
difficulty in maintaining the desired rodent density in the
enclosures as discussed previously.
The data on ants from September show a mixed pattern
(Table 4). The variation in activity of the Pheidole and
Pogonomyrmex spp. necessitates analysis of their seasonal
activity patterns, as has been done for Pogonomyrmex by
Whitford and Ettershank (1975) and DePree and Whitford
(described in this report).
In summary, the major effects elucidated
experiments are tentatively: 1) elimination

by these
of seed-

harvesting ants and rodents enhances the survivability of the
seeds of certain species which apparently are differentially
removed by one or the other groups of seed harvesters (e.g.,
I. ambrosiaejolia); 2) there appears to be competition
between seed-harvesting ants and rodents for seeds, and an
increase in numbers of colonies of seed-harvesting ants in
rodent-free enclosures; 3) increase in colony numbers is a
response of those species with apparent small colony size
(Pheidole spp. and Pogonomyrmex desertorum), not the
large and seemingly more aggressive Pogonomyrmex
rugosus.
Surveys of all Pheidole spp. were conducted on the playa
to determine abundance and density of these ants. These
studies were conducted from July through November 1976.
Pheidole spp. showed a mean of 40 % of all marked nests to
be active until mid-August. After that time, activity (for the
most part) decreased to below 20 % . A mean of 50 % of the
nests throughout the study period could not be identified by
species.

Pheidole xerophila showed a great decrease in active
numbers in mid-August, but some nests remained open until
the November survey. P. xerophila represented a mean of
24 % of the nests throughout the study period.
One-fifth of the total nests were P. rugulosa. They
displayed a high level of active nests throughout July,
decreasing through August and closing in September.

P. militicida were represented on 9 % of the nests studied
on the playa site. These ants were active throughout the
entire study period, but in late August showed a temporary
decline in activity.
Similar surveys were done on three additional sites. One
of these was adjacent to the enclosures, and two sites were
on the bajada area proper.

76

Whitford

Table 2. Numbers of active ant colonies in the experimental enclosures, August 9-20, 1976. Enclosures 3 and 4 had
ants and rodents; Enclosures 5 and 6 had ants only

nests in August, but activity recovered slightly in September
and declined again in October and November.
There were only three P. militicida nests located on this
site. These were open from late July through September,
with an activity peak in September.

Enclosure

Species

Po9on01Yr'Jl"''WXdesePtOI'Ul"I
P. ~gosuc;

0

0

2

P. califorrii.cus

2

0

0

Pheidole .:::erophi la

l

P.

0

deoe1't:01'1Q"I

P. r>ugul.osa

Pheidole

sp.

0
22
36

Total
No. /ha

900

0
17

48

37

33

56

47

825 l ,400 l , 175

Table 3. Numbers of active ant colonies in the experimental enclosures, October 23, 1976, based on actual counts
of all colonies in each enclosure. Enclosures 3 and 4 had ants
and rodents; Enclosures 5 and 6 had ants only
Enclosure
Species

Pogo11orm.Jrma:cdese1•tor•,m

0

?.

0

0

P. militicida

16

14

P. F.-19-ulosa

6

5

33

27

P'l,goeu.c:

Phcidote de:;er>:.,_ct•um

0
12

P. xerophi.la

Total

14

Enclosure

Species

Pogono~JI'T'iex deserto1'WT1
P. ,£1':"l,erbiculus

militicida

P. rugulosa
P. X(lPC-phiZa

7

13

Bajada III was located on the west side of the bajada.
About one-fifth of the nests were not identified to species. Of
the remaining, half of each were P. xerophila and P.
rugulosa. Mean numbers of active nests ran from 76% of the
total to 11 % of the total. On this site, active nests were
consistently above 60 % until mid-August, when they
dropped to approximately 30 % or less in late August. In
September and October less than 15 % of the nests were
active, and no nests were active in November.

34

Table 4. Active ant colonies in enclosures, September 10,
1976. Presentation same as in Table 2

Pheidole

On the bajada, one site was placed on either side of the
major arroyo. Bajada II was on the east side of the arroyo.
About one-third of the total nests could not be identified by
species. Mean activity from July to November for the species
ranged from 63% in July to 13% in October. No nests were
open in November. P. xerophila constituted 37 % of the
Pheidole spp. on the study area. The number of active nests
ranged from 100 to 15%, from July to October, respectively. P. rugulosa made up 30% of the population and
showed fluctuating activity throughout the season, ceasing
activity for a period in August, but reinitiating it in
September and October. No P. militicida were found on this
site.

11

P. xerophila made up 41 % of the total population on the
area. They showed decreasing activity from July through
October. P. rugulosa (41 % of total nests) were very active,
with more than 90% of the nests active through July.
Activity began decreasing from early August through
October.
Data on foraging activity of Pheidole are currently being
analyzed. We (G. Ettershank and W. G. Whitford) are
going through the data sets for statistical analysis and for
publication. The analysis of vegetative pattern response to
the experimental manipulation may not be completed for
several months.
RODENT

On the site adjacent to the enclosure, we were able to
identify to species all but 25 % of the Pheidole present. This
site showed a decreasing percentage of open nests
throughout the season. In July, approximately 70% of all
nests were open. This decreased to 50 % in August, 30 % in
September and 20% in October and November.
P. xerophila showed a steady decrease in active nests
throughout the year, ranging from 100 % activity in July to
20% activity in November. More nests appeared to be
morning active than evening active in this group.
P. rugulosa also showed decreases during the season.
However, there was a sharp decline in the number of active

FORAGING

The objective of this part of the study was to learn
whether rodent-foraging patterns are affected by the
structure of the environment and/ or competitive foraging
interactions. The environmental structure was changed by
removing all but two plants from an enclosure and planting
seed caches at different depths and in differing areas.
Hopefully, the results would tell how deep rodents could
sense food and how deep they would dig to uncover the food
cache.
The enclosure was completely cleared of all vegetation by
using a Rototiller, raking all plant material and handpicking small plants. Four large plants were left in the area
for cover purposes: one yucca, two creosotebush and one
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mesquite. The area wa5 cleared so that the rodents would
have to depend solely on the food caches as a food supply.
After trapping all mammals out of the enclosure, two
kangaroo rats (Dipodomys merriami) were introduced into
the enclosure. Food caches were distributed at depths
varying from 20 to 200 mm. A stake was placed at random
and the food buried at different distances from the stake so
that the animals would not associate food with the stakes.
Food caches were placed in 4-cm' wire baskets and weighed
so that food utilized could be determined. Ten caches were
set out each night at one of the stakes at the following
depths: 20, 40, 60, 80, 100, 120, 140, 160, 180 and 200 mm.
In the morning, they were checked to see if they had been
located and utilized.
The results are summarized in Figure 1. There was no
pattern of cache use with caches between 20 and 140 mm
located with essentially the same frequency. However, no
caches below 140 mm were found and utilized. Our
observations in the areas outside the enclosures and within
the enclosures indicate that rodents (primarily D. merriami)
dig for caches in late winter and spring in the Chihuahuan
Desert. During the remainder of the year they appear to
utilize surface caches and seed accumulations described by
Reichman (pers. comm.).
LIGHT

PREFERENCE

IN

Dipodomys merriami

Visual laboratory observation of nocturnal rodents is
generally carried out with either red or white light
illumination. McGuire et al. (1973) found that the color and
intensity of light differentially affected the temperature
rhythms in laboratory rats. This suggests that rodent
behavior may also be affected by the type of light source.
The behavior of male D. merriami is presently being
studied in our laboratory. We have found the use of white
light to be more favorable than red in terms of observational
detail and color balance in photography. The purpose of
this study was to quantify the behavior and preference of
male D. merriami when present~d a choice between red
light, white light and the absence of light.
Rodents were trapped 1.6 km east of Las Cruces, Dona
Ana County, New Mexico, in April 1976. The rats were
weighed the morning of capture, isolated in individual cages
and provided food ad libitum. Rodents were kept in
complete darkness until they were placed in the observation
arena. Observations were made from 2000 to 2300 hr (MST)
on three consecutive nights, beginning the first night after
capture. The observation arena consisted of a 150 x 45 x 55
cm high box with a 150 x 40 cm two-way mirror mounted
on one side. The box was divided into three equal chambers
by two opaque partitions, perpendicular to the mirror. The
bottoms of the partitions were positioned 5 cm above the
sand surface, thus permitting rodent movement through the
arena, but limiting the extent of interchamber illumination.
Each end chamber was illuminated by a different color (red
or white) incandescent bulb placed in a 25-cm-diameter
reflector at the top of the box. Both light sources were

160
140
120
100
..c:
80
p.
Cl)
a 60
40
20
0

s
s

0 5

10

15 20 25
Time (days)

30

Figure 1. Cache-locating success by Dipodomys merriami
at depths from 20 to 200 mm.

adjusted to 175 lux, measured at the substrate surface. The
center chamber, although receiving only indirect light from
the end chambers, was sufficiently illuminated for the
observer to discern behavior activity. The substrate was
periodically changed and the light sources reversed in order
to minimize residual olfactory cues and arena familiarity.
A single rodent was initially placed under a 25 x 30 x 9 cm
high transparent plastic box in the center (dark) chamber.
After 2 min, the transparent box was removed and the
rodent's behavior was recorded for the following 10 min. All
observations were recorded with a keyboard electrically
linked to an event recorder. The time a rodent spent in
inactivity, locomotor activity and maintenance behavior
(i.e., grooming, sand bathing and digging) was individually
recorded for each chamber (red, dark and white). Statistical
tests were considered significant at the 0.05 level.
Twelve 30- to 43-g male D. merriami were observed. The
red chamber was entered first in 77 % of the observations.
The mean number of times + 1 SD that rodents crossed the
red-dark boundary (6.2 + 4) and the dark-white boundary
(4.4 + 4) were not significant (t = 1.99', df = 70, P
>0.05). An analysis of variance on a complete factorial
design was then made to determine what interactions may
exist between behavior, light source and day of testing as
presented in Table 5.
Although none of the interactions was significant, the
main effects of color and behavior were significant. A least
significant difference test indicated· that of the different
types of behavior, significantly more time was spent in
locomotor behavior (:i = 25.5). Inactivity (:i = 11. 7) and
maintenance behavior (:i = 15.3) were not significantly
different. A similar test of the light regimes indicated that
significantly more time was spent in the dark chamber (:i =
24.3) than in the illuminated chambers. The time rodents
spent in the red (i = 13.6) and white (i = 11.3) chambers
was not significantly different.
The results of this study indicate that there is no change in
behavior for light preference during an initial 3-day
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Table 5. Analysis of variance
Mean
squares

sit]nificance

Behavior

5820

0.005

Color

6742

0.005

Factor

Oegrees of
freedom

Level of

98

Day

86

Behavior - color

156

Day - behavior

Day - color
Error

4

739

286

531

Table 6. Results of encounters between Dipodomys
merriami and D. ordii in experiment measuring agonistic
behavior
Modified

pens (grass

and small shrubs removed)
Remained:
Jul 8, 1 male DIOR
Jul 8, l mole DIME

lntroducecJ:

Jul l, 4 male DIOR*
Jul 1, 4 male DIME**
Natural

pens

Introduced:
Aug 7, 4 male DIME, l female OlOR
Aug 12, 2 mole DIME, 2 female DIOR
Aug 12, 1 male, 1 female DIOR, 3 male DIME

* DIOR =

introduction to a pen, all rodents were trapped out using the
same type of live-trap. The pens used in these experiments
differed in that two were modified by the removal of grass
and small shrubs to facilitate direct observation of rodents.
The other pens contained typical Chihuahuan Desert
vegetation types, including Larrea tridentata, Ephedra
trifurca and Prosopis glandulosa.

Remained:
Aug 9, l female DlOR
Aug 19, l female DIOR
Aug 19, l male O!OR, 2 male DIME

Direct observation of rodents was very limited. This was
due to the infrequency of two rodents meeting during
observation. On at least seven occasions, rodents were
observed to encounter each other and react to this
encounter. In six of these encounters, one rodent chased the
other away. The species and sex of the interacting rodents
could not be confirmed with absolute certainty.
The results of these encounters are given in Table 6.
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SPECIES OF HETEROMYID

SOURCE IN

RODENTS

B. A. Hardwick and W. G. Whitford

Process Studies

Laboratory observations of aggressive behavior have been
used as a measure of interspecific competition in
heteromyids (Christopher 1973; Hoover 1973). The methods
employed in these and similar laboratory studies (Sheppard
1971; Miller 1969; MacMillen 1964) have limited the
investigations to territorial aggression, which Frederickson
(1950) distinguishes as behaviorally
different from
competition for food.

ABSTRACT

To test an hypothesis that the apparent differences in
food allocation and habitat use by coexisting heteromyid
species are affected by competitive behavioral displacement
from a food source, four heteromyid species were paired,
and quantitative and qualitative analyses were made of
eight individual behavioral components. The most significant relationships were the following: 1) Dipodomys ordii
and D. merriami competed for the same food source but D.
ordii fed first; 2) during intergeneric encounters, D.
merriami exhibited greater forage time by excluding
Perognathus penicillatus and P. intermedius from the food
source; 3) P. penicillatus and P. intermedius competed for
food, but P. penicillatus fed first. The importance of seed
density in food competition and the possible functions of
temporary seed caching are discussed.
INTRODUCTION

Habitat selection, seed size and rodent body size have
been related to competition among coexisting heteromyid
rodents. Rosenzweig and Winakur (1969) found that
populations of rodent species were associated with
vegetation structure. This was later confirmed by Brown
and Lieberman (1973). Habitat selection, as a means of
avoiding competition, has been studied by Schroder and
Rosenzweig (1975) and Rosenzweig (1973). These studies
indicate that although species coexist in the same general
area, differential exploitation of the environment may
occur.
Coexisting heteromyids of different sizes have been shown
to select the same seed size in the laboratory (Smigel and
Rosenzweig 1974; Rosenzweig and Sterner 1970). Brown
and Lieberman (1973) concluded that laboratory studies did
not provide quantitative information on how body size
influences resource utilization of free-living species in their
natural habitats. The results they obtained in field samples
contradicted the laboratory studies of Rosenzweig and
Sterner (1970) and show that seed size selection does occur
and that it is related to body size.
The hypothesis presented by Brown and Lieberman
(1973) assumed that larger seeds may be more clumped in
their distribution and that larger species would be expected
to specialize on large seeds. Smigel and Rosenzweig (1974)
reported examples of field evidence contradicting both
assumptions of this hypothesis. They offered a modification,
replacing the mobility assumption with the known
aggressiveness of heteromyid rodents and the possibility that
this aggression may be displayed in nature.

The purpose of this study was to describe, both
quantitatively and qualitatively, the behavioral relationships of sympatric heteromyid rodents in the presence of a
food source. Emphasis was placed on the analysis of
individual behavioral components and the intra- and
intergeneric relationships that may exist. Based on the
previous studies of seed allocation and competition in
heteromyids, we hypothesized that the apparent differences
in food allocation and habitat use by coexisting species may
result from or be enhanced by competitive behavioral
displacement from a food source.
METHODS

Rodents were trapped near Tortugas Mountain, 1.6 km
east of Las Cruces, Dona Ana County, New Mexico.
Topography varied from talus slopes to sand flats with
sandy arroyos. Larrea tridentata was the dominant
vegetation. Animals were trapped with Sherman live-traps
during 1200 trap nights in April 1975. The sample used in
the experiments was limited to four uninjured males of each
species (D. ordii, D. merriami, P. penicillatus and P. intermedius).
Rodents were individually housed in polypropylene cages,
30 x 30 x 14 cm high, with steel wire covers. Cages were
filled with clean sand to a depth of 2 cm. The animals were
maintained at 24 C and visually isolated from each other.
Two 100-watt incandescent bulbs, 180 cm above the cages,
provided a cycle of red light from 2000 to 0700 hr and white
light from 0630 to 0230 hr. A commercial mixture of millet
and canary seed was provided ad libitum prior to
experimentation. Each rodent was restricted to 1 g of the
seed mixture daily once trials were begun.
Encounters for 106 rodent pairings were recorded during
four experiments from May 5 to June 6. Each experiment
lasted four evenings. Each evening, individuals were paired
only once and in a predetermined order (Table 1).
The observation arena was divided by two opaque
partitions into three subchambers, 61 x 66 x 35 cm high.
Each partition contained a door, 30 x 30 cm. The chamber
was filled with clean sand to a depth of 5 cm. One side of the
box consisted of a two-way mirror. Each subchamber was
illuminated by a 100-watt red incandescent bulb suspended
90 cm above the lid.
Experiments were begun at 2030 hr and ended before
0200 hr. Before each trial, 5 g of seed mixture were dropped
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in the center chamber near the mirror in an area about
10-15 cm in diameter. One rodent was placed in each end
subchamber for a 10-min period. The doors were then
opened, allowing access to the entire arena for 20 min.

observed alone. This ensured similar test treatment of each
rodent every night of experimentation.
Trial observations were divided into data sets. Each data
set consisted of one species' responses with all other species
for one behavioral component. Species' averages per trial
were calculated and an ANOV AF test was made on all data
sets (Steele and Torrie 1960). Those data sets found
significant were examined for pair significance by an LSD
test (Steele and Torrie 1960). The 0.05 level of significance
was considered the acceptable limit.

Eight different behavioral components were recorded for
each rodent during a trial: advance, forage, groom, dig,
bathe, retreat, chase and flight. Advance is the total time a
rodent spent moving toward another rodent. The total times
for groom, dig and bathe (for each rodent in each trial) were
summed since these behaviors were usually done in a
sequence. Forage was the total time a rodent spent
gathering, eating and manipulating seeds. Retreat is the
total time a rodent exhibited movement away from another
individual. Chase and flight behaviors were recorded as a
frequency of occurrence and denote sequences of behaviors.
Chase was recorded only for a rodent advancing toward a
retreating rodent. Flight was recorded only for an
individual that retreated from an advancing rodent.

RESULTS

Quantitative
The weights of individual rodents ranged in D. ordii from
38.5 to 46.0 g (average= 41.3 g); in D. merriami from 36.5
to38.0 g(average = 37.0 g); inP. penicillatus from 14 to 18 g
(average = 15.6 g); and in P. intermedius from 14 to 16 g
(average= 15.2 g). One D. ordii and one D. merriami died
early in the course of experimentation, resulting in an
uneven number of replicates for species pairs (Table 2).

The behavioral components for both animals were
recorded with a keyboard which was electrically linked to
an event, operated at a paper speed of 1.9 cm/min. A
maximum of 150 8-sec time units were possible for each
20-min trial. All data measurements of total time were
analyzed in the form of time units to minimize data loss
from rounding error.

Appendix I, Table 1. The protocol for behavioral
interaction experiments. Species are indicated as follows:
0 = Dipodomys ordii; M = D. merriami; P = Perognathus
penicillatus; and I = P. intermedius

Following each trial, all food and most surface sand were
replaced with unused material. Rodents were notched (for
permanent identification) and weighed prior to experimentation, but were never directly handled afterward. Rodents
were transferred to and from the test arena in empty nest
boxes. When a death created an unpaired trial, a rodent was
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8
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0
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3

3
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0
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7
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5
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8
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7
0
0

.01

4
3
8
4

1-1
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M-1
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pair

P-P

0-M
0-P

Appendix I, Table 2. The data sets of individual behavioral components for all
species pairs. The units of advance, forage, groom-dig-bathe and retreat are percent
time. The units of chase and flight are frequency. N = the number of replicates for
species pairs. Significance levels are indicated to the right of data sets. Species are
indicated as follows: 0 = Dipodomys ordii; M = D. merriami; P = Perognathus
penicillatus; and I = P. intermedius
Pair

last

0-1

M-P
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The mean total times that advance, forage, groom-digbathe and retreat were exhibited in species pairs were
statistically tested. These mean values were then converted
to percentage of time these behaviors were exhibited during
a trial. Chase and flight behavioral sequences were recorded
and statistically tested in the form of frequency per trial.
The mean values and levels of statistical differences of these
behavioral components are presented in Table 2.

P. penicillatus exhibited more advance with D. ordii than
when paired intraspecifically or with P. intermedius. The
foraging time of D. merriami was much less when paired
with D. ordii. D. merriami also spent less time foraging
during intraspecific trials than when paired with P.
intermedius. P. penicillatus spent the most time foraging
when paired with D. ordii, and exhibited more groom-digbathe behavior with P. intermedius than in any other pair
combination. D. ordii only retreated during intraspecific
trials. D. merriami chased D. ordii the least and P.
intermedius the most. P. penicillatus chased P. intermedius
more than either of the Dipodomys species. P. intermedius
had the greatest frequency of chase intraspecifically, less
with P. penicillatus and none with D. ordii or D. merriami.
Flight behavior by D. ordii was observed only during
intraspecific encounters. D. merriami exhibited the most
flight when paired with D. ordii, less intraspecifically and
none with either P. penicillatus or P. intermedius (Table 2).
Qualitative
The insignificance of some of the data sets presented
above can be better understood by consideration of
qualitative observations. A high average of advance time
was accumulated either by a rodent exhibiting chase or by
an individual approaching a foraging rodent. Groom-digbathe behavior was increased in a chasing rodent or by one
that was actively excluded from a food source. Some trials
revealed such a high level of aggressive display that one
rodent was submissively immobile for the duration of the
trial.
The difference in apparent forage times of the genera
resulted in quantitative differences. P. penicillatus and P.
intermedius often finished foraging before the end of the
trial. Territorial fighting then developed in which little or
no food source involvement was observed. D. ordii and D.
merriami usually foraged during the entire trial.
One interaction at the food source was repeated many
times during the ·course of the study. A specific sequence of
behaviors was exhibited each time. Individual variation was
limited to the duration and frequency of the observed
behaviors. The food source was modified by the movement
of rodents over the surface of seeds. A central high-seeddensity area was usually present, surrounded by a less dense
area of seeds which were often mixed with the substrate.
One rodent (A) foraged in a rapid, continuous manner and
always occupied the area of greatest seed density. The other
(B) foraged more slowly and discontinuously while
approaching the area of greatest density and/ or A. Foraging
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by A ceased and chase was initiated when B approached
within 5 cm. A then returned to the area of greatest seed
density and B began approach. This sequence was repeated
as many as 15 times during a single trial. When A had
apparently gathered a maximum number of seeds (as
evidenced by greatly distended cheek pockets), he moved
away from the food source. B immediately occupied A's
former position. These observations were similar for all
species combinations and were most notable during
encounters between D. ordii (A) and D. merriami (B};
Dipodomys species (A} and Perognathus species (B}; and P.
penicillatus (A) and P. intermedius (B).
Caching was observed in all species following the
gathering of seeds into cheek pockets, but differences in
their utilization by each genus were evident. P. penicillatus
and P. intermedius always placed caches in a "preferred
area." The preferred area was usually in the corner of the
chamber in which the rodent was initially placed. Much
digging and sand bathing occurred in this area. Seed caches
were shallow excavations and they were few in number.
The seeds were not only left for varying periods of time in
the open caches, but seeds from several forage trips were
often placed in a single cache. Only rarely were these seed
caches observed to be covered.
Although utilizing only one at a time, D. ordii and D.
merriami often dug several caches. The.se were situated
away from the food source and the other rodent in the
chamber, but were otherwise in an apparently random
location. Caching in a preferred area was never observed for
either of these two species. Caches were shallow depressions
in the substrate, into which the contents of both cheek
pockets were simultaneously expelled. Once seeds were
placed in a cache, the rodent never left the immediate area.
The seeds were then sorted and regathered in order of seed
type (millet, the most numerous, was always first). Caches
were never covered or reused.
DISCUSSION

D. ordii depressed the forage time of all other species and
displayed the greatest frequency of interspecific chase
(Table 2). These results and observations of encounters
indicate that when D. ordii and D. merriami are paired,
both species forage less than during intraspecific trials. This
suggests that the interspecific behavioral food competition
between these two species is greater than the intraspecific
com petition.
The forage times of the Dipodomys spp. were greatest
when paired with either of the Perognathus spp. This
revealed the inability of the Perognathus spp. to compete
intergenerically. The degree of competition between genera
is indicated by the depressed forage times of the Perognathus
spp. Differences in these forage times resulted from the
nearly complete exclusion of the Perognathus spp. from the
food source by D. ordii and the extreme aggression all
species displayed toward P. intermedius.
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Hoover (1973) studied the distributions of P. penicillatus
and P. intermedius. He concluded that their distributions
could be explained by the physiological superiority of P.
intermedius and the behavioral dominance of P. penicillatus. In this experiment, although P. penicillatus was more
aggressive when paired with P. intermedius (as reported by
Hoover 1973), both species exhibited a reduction in forage
time when paired together. This indicates the presence of
behavioral competition for food between these two species.
The strong preference for foraging in the area of greatest
seed density that the rodents exhibited was evident from the
behavioral interactions at the food source. A possible
explanation for this preference was formulated from
observations made during this study and by Burns (1962),
who found that only the first few seeds at a dense food
source are tested by olfaction and taste. After the initial
taste, all similarly shaped objects, including some nonfood
items mistakenly identified, were rapidly gathered into the
cheek pockets without further inspection. This behavioral
adaptation permits the rapid gathering of seeds, but it is
dependent upon high seed density for efficiency.
The use of open caches by D. ordii and D. merriami may
reflect foraging behavior in the field. The method by which
these rodents are able to greatly increase their seed-gathering ability, as described above, also increased the amount of
nonfood items collected. If open caches were not utilized for
periodic sorting during each forage trip, more total trips to
the burrow would be necessary.
P. penicillatus and P. intermedius utilized caches
differently than did the Dipodomys spp. The placement of
caches in a preferred area and the addition of seeds from
several trips into a single cache indicate storage rather than
sorting of seeds. Rosenzweig (pers. comm.) has indicated
that Perognathus spp. probably spend more time in seed
selection and seed modification at the time of initial
foraging. This is possibly an adaptation related to their
small cheek pockets and the reduced predatory pressure they
encounter by foraging in vegetated areas.
The strategy these rodents are practicing is one of "time
minimizers" as described by Schoener (1972). When
foraging at high seed densities, the rodents collect the
greatest amount of seeds in the least possible time. When
they are forced to forage at low seed densities, a disproportionately greater amount of time is necessary due to the
testing of so many individual seeds. Time minimizing by
heteromyid rodents has been related to several factors.
Rosenzweig (1974) examined time optimization of Dipodomys spectabilis in terms of cost to predation and profit
from forage success. He concluded that a greater seed
abundance decreased forage time, permitting other aboveground activities (territorial defense and reproduction)
without necessitating greater exposure and predation.
Kenagy (1973) related the decrease in winter foraging time
by D. merriami and Perognathus longimembris to the
decrease in forage success and increased metabolic cost of
foraging at lower temperatures. These relationships provide
evidence that the more foraging time is minimized without
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decreasing success (optimized), the greater will be the profit
and, therefore, reproductive success of the species.
The pattern of congeneric and intergeneric relationships,
most evident from the present study, is one of competition
not only for the food source, but also for the area of greatest
seed density. Three important relationships among the
rodents studied are the following: 1) D. ordii and D.
merriami competed for the same food source, but D. ordii
fed first; 2) during intergeneric encounters, the Dipodomys
spp. exhibited greater forage time by excluding the Perognathus spp. from the food source; 3) P. penicillatus and P.
intermedius competed for food, but P. penicillatus fed first.
Several factors may contribute to the spatial and,
therefore, behavioral separation of these species in the field.
Schroder and Rosenzweig (1975) concluded from their study
of habitat selection that species that coexist may not be
necessarily exploiting the same microhabitat. Rosenzweig
(1973) found that where D. merriami and P. penicillatus
coexist, only D. merriami could be trapped in areas devoid
of vegetation, which indicates selection for forage areas.
Wind and surface topography may interact to differentially
disrupt and concentrate seed sources.
The abundance of seeds may make food competition
unnecessary, but this assumption should be made with
caution. Lockard and Lockard (1971) provided evidence
that isolated and buried seeds may not be found by rodents.
Also, the results reported by Kenagy (1973), Lockard and
Owings (1974) and others described the curtailment of
above-ground activity in heteromyids (particularly in
Perognathus spp. ), which may reflect the inability of these
species to harvest seeds even though abundant in number
(~ee Smigel and Rosenzweig 1974).
The apparent selection of seed sizes observed in the field,
whether or not correlated to body size, may be explained by
a gross correlation between body size and success in food
competition. Anomalous data may also be explained as
rodent preference for seed crops exhibiting a high seed
density in a small area.
ACKNOWLEDGMENTS
We thank Naida Zucker for suggestions and equipment
and John Ludwig for his help in data analysis. Mike
Alberico and Tim Schowalter assisted in field work.
LITERATURE
CITED
BROWN,J. H., and G. A. LIEBERMAN.
1973. Resource utilization and coexistence of seed-eating desert rodents in
sand-dune habitats. Ecology 54:788-797.
BURNS,R. D. 1962. Food discrimination in kangaroo rats.
Amer. Zoo!. 2:510.
CHRISTOPHER,
E. A. 1973. Sympatric relationships of the
kangaroo rats Dipodomys merriami and Dipodomys agilis.
J. Mammal. 54:317-326.

83

Process Studies

FREDERICKSON,
E. 1950. The effects of food deprivation upon
competitive and spontaneous combat in C57 black mice.
J. Psycho!. 29:89-100.

ROSENZWEIG,
M. L. 1974. On the optimal above ground
activity of bannertail kangaroo rats. J. Mammal. 55: 193199.

HoovER, K. D. 1973. Some ecological factors influencing the
distributions of two species of pocket mice (genus Perognathus). Ph.D. Diss. New Mexico State Univ., Las
Cruces. 93 pp.

ROSENZWEIG,
M. L., and P. STERNER.1970. Population ecology of desert rodent communities: body size and seed
husking as bases for heteromyid coexistence. Ecology 51:
217-224.

KENAGY,G. J. 1973. Daily and seasonal patterns of activity
in a heteromyid rodent community. Ecology 54:12011219.

ROSENZWEIG,
M. L., and J. WINAKUR.1969. Population
ecology of desert rodent communities: habitats and environmental complexity. Ecology 50:558-572.

LOCKARD,R. B., and J. S. LOCKARD.1971. Seed preference
and buried seed retrieval of Dipodomys deserti. J.
Mammal. 52:219-221.

SCHOENER,
T. W. 1972. Theory of feeding strategies. Annu.
Rev. Ecol. Syst. 2:369-404.

LOCKARD,R. B., and D. H. OWINGS. 1974. Moon-related
surface activity of bannertail (Dipodomys spectabilis) and
Fresno (D. nitratoides) kangaroo rats. Anim. Behav. 22:
262-273.
MACMILLEN,R. E. 1964. Population ecology, water relations and social behavior of a southern California semidesert rodent fauna. Univ. Calif. Pub. Zoo!. 71:1-66.
MILLER,W. C. 1969. Ecological and ethological isolating
mechanisms between Microtus pennsylvanicus and Microtus ochrogaster at Terre Haute, Indiana. Amer. Midi.
Natur. 82: 140-148.
ROSENZWEIG,M. L. 1973. Habitat selection experiments
with a pair of coexisting heteromyid rodent species.
Ecology 54: 111-117.

SCHRODER,
G.D., and M. L. RosENZWEIG.1975. Perturbation analysis of competition and overlap in habitat utilization between Dipodomys ordii and Dipodomys merriami. Oecologia 19:2-28.
SHEPPARD,
D. H. 1971. Competition between two chipmunk
species (Eutamias). Ecology 52:320-329.
SMIGEL,B. W., and M. L. RoSENZWEIG.
1974. Seed selection
in Dipodomys merriami and Perognathus penicillatus.
Ecology 55:329-339.
STEELE,R. B., and J. H. ToRRIE. 1960. Principles and procedures of statistics. McGraw-Hill, New York. 481 pp.

